1. Introduction
===============

The rapid decline in renal function caused by radiographic contrast agents usually is transient, but it can result in chronic kidney disease (CKD) or even end-stage renal disease (ESRD). Contrast-induced nephropathy (CIN) is a leading cause of new-onset renal failure in hospitalized patients, with the highest risk observed in patients with CKD ([@b1-epj-08-1973], [@b2-epj-08-1973]). It is associated with significantly increased in-hospital and long-term morbidity and mortality and acceleration of chronic renal disease ([@b3-epj-08-1973]). Since there is no specific therapy for CIN and the disease is iatrogenic, prevention is of paramount importance. The pathophysiology of CIN is poorly understood, but it may include acute vasoconstriction resulting in renal hypoperfusion, hypoxia-induced oxidative stress, and free radicals generated within the acid environment of the renal medulla ([@b4-epj-08-1973], [@b5-epj-08-1973]). Thus, the alkalization of urine by sodium bicarbonate has been regarded as resulting in the reduction of CIN ([@b6-epj-08-1973]--[@b11-epj-08-1973]). Putting into consideration that the alkalization of urine can be used to prevent CIN, our aim was to evaluate whether a longer duration of sodium bicarbonate infusion is more beneficial than a shorter duration infusion in reducing the frequency of contrast nephropathy in patients after coronary angiography.

2. Material and Methods
=======================

The protocol of this study was approved by the Ethics Committee of Theodor Bilharz Research Institute, and written informed consent was obtained from all patients. The study complies with the Declaration of Helsinki. All adult patients, i.e., those over the age of 18 who were scheduled for coronary angiography, were screened for inclusion and exclusion criteria. Between November 2013 and November 2014, 200 patients were considered eligible for the trial. After 100 exclusions, 100 patients were assigned randomly to either the short-duration or the long duration treatment with sodium bicarbonate solution. The short-duration treatment consisted of intravenous bolus 3 mL/kg/h of 166 mEq/L sodium bicarbonate for 1 hour immediately before the injection of the radiocontrast, with subsequent treatment with the same fluid at a rate of 1 mL/kg/h during the contrast exposure and for 6 h after the procedure. The long-duration treatment consisted of initial intravenous bolus of 3 mL/kg/h of 166 mEq/L sodium bicarbonate for 6 hr before the injection of the radiocontrast, after which the patients received the same fluid at a rate of 1 mL/kg/h during the contrast exposure and for 6 h after the procedure. Demographic data, current medication, and medical history were recorded at baseline. Serum creatinine (S. Cr), eGFR, and serum potassium were measured before initiating the pre-procedural hydration. Urine samples were obtained to analyze the pH of the urine one hour prior to the procedure. Two days after coronary angiography, serum creatinine, eGFR, and serum potassium were analyzed again. We calculated eGFR according to the MDRD formula ([@b20-epj-08-1973]). Change in creatinine, percent change in creatinine, percent change in eGFR, change in serum potassium, and urine pH were compared between the two groups. The side effects of the high-dose of sodium bicarbonate, such as congestive heart failure, respiratory disorder, and low potassium, were carefully evaluated during the study. CIN was defined as an increase of more than absolute 0.5 mg/dL and/or relative 25% in serum creatinine after 48 hr. Consecutive patients with renal dysfunction (estimated glomerular filtration rate \[eGFR\], 60 mL/min/1.73 m^2^ or less) who underwent elective or emergency coronary angiography (CAG) with/without percutaneous coronary intervention (PCI) at our institution were enrolled. The eGFR was calculated using the MDRD formula. Patients were excluded for any of the following reasons: end-stage renal insufficiency (eGFR \<15 mL/min), acute renal insufficiency, a history of reaction to contrast media, the use of potentially nephrotoxic medicines (48 h before and 24 h after the procedure), pulmonary edema, multiple myeloma, exposure to contrast media within 7 days before the procedure, pregnancy, patient non-compliance, and the use of either N-acetylcystein, dopamine, fenoldopam, or mannitol before coronary angiography. Patients were randomized to one of the two regimens of volume supplementation described below. Randomization with stratification for intra-arterial and intravenous radiographic contrast procedures were performed by using sealed envelopes, 1:1 to each group ([@b12-epj-08-1973]). The analysis was performed according to the intent-to-treat principle. All patients were hydrated with intravenous normal saline at 1 mL/kg/h for 12 hr before exposure to the contrast and 12 h after coronary angiography. The rate of infusion was reduced in patients who developed signs of pulmonary congestion. Data were analyzed by SPSS version 12, using Kruskal Wallis, ANOVA, Chi square test and Spearman rank correlation coefficient.

3. Results and Discussion
=========================

Between November 2013 and November 2014, 200 patients were screened, and, after 100 exclusions, 100 patients were randomly assigned to treatment either with short regimen (60 minutes) bicarbonate solution prior to contrast administration (50 patients) or with long regimen (6 hr prior to the intervention) (50 patients). Thus, the final study population was 100 patients. No side effects of sodium bicarbonate infusion were observed, and discontinuation of protocol dose of infusion was not necessary in any of the patients. Our findings showed that there were no significant differences between the two groups in age, gender, smoking, body mass index, diabetes mellitus, hypertension, percutaneous coronary intervention, and volume of contrast administered ([Table 1](#t1-epj-08-1973){ref-type="table"}). There were no statistical differences in baseline urine pH, baseline S. Cr., baseline eGFR by MDRD, or baseline serum potassium (S. K.) between the two groups ([Table 2](#t2-epj-08-1973){ref-type="table"}). There was a significant increase in S. Cr., and a significant decrease in eGFR by MDRD 48 hr post-intervention in group 1 (short regimen) with no statically difference regarding those parameters in group 2 (long regimen). S. K clearly was decreased significantly post-procedure in both groups (short and long regimens). There was no correlation between S. K. and S. Cr. and eGFR by MDRD 48 hr post intervention in both groups. Also, a highly-significant negative correlation between s. Cr and eGFR by MDRD was reported in both groups ([Table 3](#t3-epj-08-1973){ref-type="table"}). Note that acute deterioration in renal function can be caused by radiographic contrast agents, but, generally, it is mild and transient. However, acute deterioration can result in lasting renal dysfunction and the need for renal replacement therapy ([@b1-epj-08-1973]). Contrast-induced nephropathy (CIN) is a leading cause of new onset renal failure in hospitalized patients, with the highest risk observed in patients with pre-existing impaired renal function ([@b2-epj-08-1973]). It is associated with significantly increased long-term morbidity and mortality, acceleration of chronic renal disease, and increased costs of medical care ([@b13-epj-08-1973]). The pathophysiology of CIN is poorly understood, but it may include acute vasoconstriction, resulting in renal hypoperfusion, hypoxia induced oxidative stress, and free radicals generated within the acid environment of the renal medulla ([@b4-epj-08-1973]). Thus, studies have begun to evaluate the effect of volume supplementation with sodium bicarbonate in prevention of CIN based on the hypothesis that alkalinizing renal tubular fluid with bicarbonate may reduce renal injury and increase medullary pH with subsequent slowing of the production of free radicals ([@b14-epj-08-1973]). Similarly, it was stated in ([@b4-epj-08-1973]) that the role of bicarbonate in protecting against CIN is attributed to buffering of subclinical acidosis-induced vasoconstriction, which is typical of acute settings and may amplify the vasoconstriction induced by the contrast itself. On the contrary, some studies have indicated that the effectiveness of sodium bicarbonate treatment to prevent CIN in high risk patients remains uncertain and that the magnitude of any benefit probably had ben overestimated ([@b15-epj-08-1973], [@b16-epj-08-1973]). However Klima et al. ([@b16-epj-08-1973]) explained these discrepant findings by the early termination of these studies, publication bias, small differences in the concentration, the overall amount of sodium bicarbonate applied, the type of the contrast procedure, and the patient selection. In our study we compared two procedures of CIN prevention in patients with renal dysfunction: group 1 (short regimen) in which the patients received sodium bicarbonate 20 minutes prior to the contrast administration and group 2 (long regimen) in which the patients received the same amount and concentration sodium bicarbonate but 7 hr prior to the intervention, taken into consideration that all patients in our study received non-ionic low osmolar contrast agents.

We observed a significant increase in S. Cr. and significant decrease in eGFR calculated by MDRD formula in (group 1) when we compare their levels prior to contrast administration with their levels 48 hr after the intervention (S. Cr: 2.32 ± 0.41 vs. 2.42 ± 0.48) and (eGFR by MDRD: 30.22 ± 6.07 vs, 28.97 ± 6.57). Regarding group 2, the results of our study showed no statistical difference in S. Cr. and eGFR calculated by MDRD 48 hr post-procedure (S. Cr: 2.26 ± 0.47 vs. 2.26 ± 0.49) and (eGFR by MDRD: 30.97 ± 7.13 vs. 31.06 ± 7.41). Also, we demonstrated a significant inverse correlation between S. Cr. and eGFR calculated by MDRD for both group 1 and group 2 (group 1: r = −0.856, p \< 0.001) and (group 2: r = −0.908, p \< 0.001). In agreement with our study, Briguori et al. ([@b17-epj-08-1973]) found that the long-term regimen of sodium bicarbonate was superior to the short regimen. This was in agreement with with Recio-Mayoral et al. ([@b18-epj-08-1973]). On the contrary, Klima et al. ([@b16-epj-08-1973]) and Mueller ([@b4-epj-08-1973]) stated that both regimens (the long and the short regimens) have the same effectiveness with very high safety, even in patients with NYHA class I or II heart failure, and, thus, the short-term regimen may be the regimen of choice because it is very easy to apply, even to outpatient procedures ([@b15-epj-08-1973]--[@b17-epj-08-1973]).

Our research also showed that S. K. has significantly decreased post procedure in both group 1 and group 2 (group1: 4.21 ± 0.43 vs. 3.88 ± 0.33) and (group 2: 4.16 ± 0.42 vs. 3.92 ± 0.34). Also, we demonstrated a non-significant negative correlation between S. Cr. and S. K. in both groups (group 1: r = −0.184) and (group 2: r = −0.235). This was in agreement with Walter et al. ([@b19-epj-08-1973]) who reported that the infusion of sodium bicarbonate can shift potassium from the extracellular to the intracellular space by increasing blood pH. However, this should be reserved for situations with severe educational environments ([@b19-epj-08-1973]). In contrast, Kim ([@b20-epj-08-1973]) stated that sodium bicarbonate is no longer recommended to lower potassium, although it may be appropriate in patients with severe metabolic acidosis ([@b20-epj-08-1973]). Regarding the pH of urine, we found that it was (5.95 ± 0.26) in group 1 and (5.97 ± 0.24) in group 2, showing no statistical difference and highlighting the fact that both regimen had almost the same alkalinizing efficacy with no proven extra benefit for patients with pH values greater than 6.

4. Conclusions
==============

We should stress the importance of sodium bicarbonate infusion prior to the administration of the contrast medium to guard against CIN, especially in renally-impaired patients who could easily be susceptible to CIN. In addition, the results of our study indicated that the long regimen of bicarbonate supplementation was a better and more efficient strategy to prevent CIN than the short regimen.
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###### 

Baseline clinical characteristics for the two groups that were studied

  Variables       Group 1 (Short regimen group)   Group 2 (Long regimen group)   p-value
  --------------- ------------------------------- ------------------------------ ---------
  Age (yr)        58.06 ± 7.33                    59.64 ± 6.39                   0.254
  Gender (F/M)    16:34 (32%:68%)                 15:35 (30%:70%)                0.829
  Smoking (yes)   41 (82%)                        35 (70%)                       0.160
  BMI (kg/m^2^)   27.34 ± 2.82                    28.34 ± 2.83                   0.080
  DM              33 (66%)                        30 (60%)                       0.534
  SBP (mmHg)      131.00 ± 12.82                  129.60 ± 13.01                 0.589
  DBP (mmHg)      81.10 ± 10.70                   80.20 ± 15.08                  0.732
  Catheter/PCI    19 (38.0%)/31 (62.0%)           28 (56.0%)/22 (44.0%)          
  Contrast Vol.   114.60 + 46.41                  97.30 + 43.44                  0.057

Data are expressed as mean ± standard deviation or number (%); SBP: systolic blood pressure; DBP: diastolic blood pressure.

###### 

Pre-procedural and renal outcome values

  Variables             Group 1 (Short regimen group)   Group 2 (Long regimen group)   p-value
  --------------------- ------------------------------- ------------------------------ ---------
  Urine pH              5.95 ± 0.26                     5.97 ± 0.24                    0.662
  Baseline S. Cr.       2.32 ± 0.41                     2.26 ± 0.47                    0.513
  Baseline S. K.        4.21 ± 0.43                     4.16 ± 0.42                    0.606
  Baseline MDRD         30.22 ± 6.07                    30.97 ± 7.13                   0.574
  S. Cr. 48 hrs. post   2.42 ± 0.48                     2.26 ± 0.49                    0.093
  S. K. 48 hrs. post    3.88 ± 0.33                     3.92 ± 0.34                    0.594
  MDRD post             28.97 ± 6.57                    31.06 ± 7.41                   0.139

Data are expressed as mean ± standard deviation.

###### 

Correlation between S. Cr., S. K., and eGFR by MDRD in the two groups

  Variables   Short regimen   Long regimen                                            
  ----------- --------------- -------------- ------- ------- -------- ------- ------- -------
  Potassium   −0.184          0.200          \-\--   \-\--   −0.235   0.101   \-\--   \-\--
  MDRD        −0.856          0.001          0.157   0.276   −0.908   0.001   0.122   0.397
